REMARKS 

Claims 1-5, 10-14, 21, 23-26, 28, and 29 are being examined in this application. 
These claims stand rejected under 35 U.S.C. § 112, first paragraph, and 35 U.S.C. § 103. 
Each of these issues is addressed below in the order in which it appears in the Office 
action. 

Rejections under 35 U.S.C. § 112, first paragraph 

Claims 1-5, 10-14, 21, 23-26, 28, and 29 stand rejected under 35 U.S.C. § 112, 
first paragraph, for lack of enablement. These rejections are addressed as follows. 

The Office's first basis for its enablement rejection is the Office's contention that 
the use of an "immunoglobulin gene" is not enabled because there is not a gene for each 
antibody found in an animal's repertoire. Applicants respectfully disagree with the 
position taken by the Office. "Immunoglobulin gene" refers to a gene encoding an 
immunoglobulin protein chain (e.g., a heavy chain or a light chain). That the germline 
genes undergo a recombination process that joins a number of different gene segments 
does not negate the existence of the immunoglobulin gene. However, as proposed by the 
Office, applicants have amended claims 1 and 10 (which referred to an "immunoglobulin 
gene") and 21 and 26 (which referred to a "gene locus"), as well as claims dependent 
therefrom, to instead refer to "an immunoglobulin locus." It is applicants' position that 
this term similarly refers to a gene encoding an immunoglobulin protein chain, and in fact 
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applicants have used the term immunoglobulin locus in this manner in the present 
specification (see, for example, page 40, lines 24-25: "the Mu locus (corresponds to IgM 
heavy chain gene)")- This basis for the rejection may be withdrawn. 

The Office also contends that the claims lack enablement because they encompass 
methods employing part of an immunoglobulin gene, while the specification provides no 
guidance as to which parts of the gene are needed for antibody production. Applicants 
have amended the claims; they no longer read on use of a part of an immunoglobulin 
gene. Applicants reserve the right to pursue this subject matter in this or a related 
application. 

As a third basis for rejecting the claims for lack of enablement, the Office states 
that "the vector used to introduce the Ig locus is critical to the production of the claimed 
ungulates and ultimately to the production of xenogeneic antibodies" and asserts that the 
method of making the immunoglobulin-producing animals must be recited in the claims. 
The Office acknowledges that applicants' specification enables methods that make use of 
artificial chromosomes or micro cell type vectors. Applicants have amended the claims to 
recite that the immunoglobulin locus is contained within an artificial chromosome, and 
this rejection may now be withdrawn. 

As a yet further basis for the enablement rejection, the Office notes that the 
specification does not describe the rearrangement of an immunoglobulin locus such that 
antibody would be produced, and questions whether (i) the xenogenous antibody locus 
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would undergo rearrangement; (ii) antibody would be produced; and (iii) the artificial 
chromosome would be retained. On this issue, applicants direct the Office's attention to 
the attached paper by Kuroiwa et al. (Exhibit A; Nature Biotechnol. 20:881-882, 2002), 
discussing applicants' work and describing the production of transchromosomic calves 
producing human immunoglobulin. The calves described by Kuroiwa were made using 
the methods described in the specification. The Kuroiwa authors found that (i) the Ig loci 
underwent rearrangement and expressed diversified transcripts, (ii) human 
immunoglobulin proteins were produced and were detected in the blood of newborn 
calves, and (iii) the immunoglobulin locus-containing artificial chromosome was retained 
at a high rate (78-100% of calf cells; see Abstract). Thus, as demonstrated by this 
publication describing applicants' work, each of the concerns raised by the Office relating 
to antibody production is unwarranted, and this basis for the enablement rejection should 
also be withdrawn. 

Finally, the Office contends that "any antibody that contains a non ungulate Ig 
would necessarily be a hybrid ungulate-nonungulate antibody" that would have no 
therapeutic value because "the bovine portion of a human-bovine antibody will itself 
induce an immune response when administered to a human." On this basis, the Office 
concludes that the claimed animals and methods have no use. Applicants respectfully 
traverse this basis for the rejection. 

Applicants first note that the Office's conclusion that the produced antibody will 
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inherently be a hybrid antibody is incorrect. Indeed, applicants have found that transgenic 
cattle engineered to produce human IgG express three different types of IgG molecules: 
bovine IgG (ulgG), human IgG (hlgG), and chimeric or hybrid IgG (clgG) that contains 
either human heavy chain (HC) and bovine light chain (LC) or human LC and bovine HC. 
Applicants have determined that the concentration of hlgG in transgenic bovine plasma 
ranges from 10 to 30 (ig/ml, while blgG concentration is in the range of 10-20 mg/ml, and 
the concentration of clgG is unknown. Serum may be collected from these ungulates and 
stored for later human antibody production. Moreover, if desired, the level of human 
immunoglobulin in the serum may be increased by disrupting expression of ungulate 
immunoglobulin genes, as described in applicants' specification at pages 40-47. Thus, 
contrary to the Office's assertion, applicants' claimed ungulates do produce human 
antibody, and do have a use. This basis for the enablement rejection should also be 
withdrawn. 

For all of the foregoing reasons, applicants submit that the claims as amended are 
enabled. The § 1 12, first paragraph rejections may be withdrawn. 

Rejection under 35 U.S.C. § 103(a) 

The claims stand further rejected under 35 U.S.C. § 103 as being unpatentable over 
Lonberg (U.S. Patent No. 5,569,825) in view of Deboer (U.S. Patent No. 5,741,957). The 
Office asserts that it would have been obvious to produce transgenic bovines by 
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combining Lonberg' s mini-gene locus with Deboer' s methods of producing transgenic 
bo vines. Without assenting to any of the statements made by the Office, applicants 
submit that the claims as amended are not obvious over the combination of Lonberg and 
Deboer. 

The claims as amended each require an ungulate having at least one artificial 
chromosome that contains at least one immunoglobulin locus. An artificial chromosome 
is an autonomous, replicating DNA containing a centromere, two telomeres, and an origin 
of replication. 

In order to render the claims obvious, some combination of the cited prior art must 
teach or suggest every limitation of the claimed invention. M.P.E.P. 2142. In the present 
case, neither Lonberg nor Deboer teach or suggest the use of an artificial chromosome. In 
each case, the DNA being introduced into the host animal in the cited references is a 
transgene designed to integrate into the host genome, and thus it does not remain 
autonomous. Additionally, the transgene lacks a centromere and telomere, as well as an 
origin of replication. 

Because the combination of Lonberg and Deboer fails to teach or suggest the 
claimed invention, applicants submit that the obviousness rejection may be withdrawn. 



-14- 



CONCLUSION 



Applicants submit that the claims are in condition for allowance, and such action is 
respectfully requested. 

Enclosed is a Petition to extend the period for replying to the Office action for 
three months, to and including January 29, 2005, and a check in payment of $1020.00 for 
the required extension fee. If there are any charges or any credits, please apply them to 
Deposit Account No. 03-2095. 



Respectfully submitted, 




KarejijZ Elbing, Ph.D 
Reg. No. 35,238 



Clark & Elbing LLP 
101 Federal Street 
Boston, MA 021 10 




Telephone: 617-428-0200 
Facsimile: 617-428-7045 
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Cloned transchromosomic calves producing 
human immunoglobulin 

Yoehimi Kuroiwe 1 , PootheppHlei Keeinathan*. Yoon J. Choi 3 , Rizwan Naeem 4 , Kazumo TomituKa 1 . 
Eddie J. Sullivan 2 , Jason G. Knott 2 , Anae Duteau 3 . Richard A. Goldsby 3 . Barbara A. Osborne 5 . Isao Ishida^. 

and James M. RobP* 

Published online; 12 August 2002, doi;10.1038/nbt727 



Human polyolenol antibodies (hPABe) are useful therapeutics, but becsuee they are available only from human 
oonore. tneir supply and application Is limited. *R) address mis need, we prepared a human artificial chromo- 
" some (HAC) vector containing the entire prearranged sequences of the human immunoglobulin {htg) haavy- 

I chain [H] and lambda (A) light-chain loci. The HAC vector waa introduced Into bovine primary fetal fibroblasts 

1 using a microcall-medialed chromosome transfer (MMCT) approach. Primary selection was carried out and the 

1 cellG ware used to produce cloned bovine fatucec. Secondary ccloction wac dona on iho regonorated fetal oe|l 

1 lines, wnlch were then used xo produce tour healthy transchromosomic (Tc) calves. Tne HAC was retained at a 

^ high rate (78-1 00% of cells) in calves and the h/g loci underwent rearrangement and expressed diversified tran- 

£ ecripta. Humen immunoglobulin proteins were deteoted in the blood of newborn oeWee. The production of Tc 

^ calves 16 an important step in the development of a system for producing therapeutic nPABs. 

3 

2 
o 

I Despite the substantial need tor hPABs to treat many diseases, the functional V genes In bovine, gene conversion may be » ilmpor- 

5 °?p P ! fi limited to what can be obtained from human donor.. urn mechanise .for the generation of diversity £P»Uy to the 

■§ p ;/„„„- rh. mwUeacion of hPABj h« been restricted becwue li 6 ht d»in lu) . Gene conv.rt.on occur, .n lh. H*ol V*f*t * f*™' 
i I^^S^I^^SSm * "P—* where B cells undergo proliferation ^^^"'^^^^^j^^j? 1 ^" 
I boated with aniigen. Transgenic animals carryin B hJg loci could ferences could impede the functional rearrangement. d.versifica 

© T^I^nTc mice carrying h& loci h«v. bco created!-* and are useful light-chain hl S loc, .«o bpvme by tranlferrmg a 1 0 Mb HAC yec 

# ^£S£^ h » becn ' c p° rtedi the pro - ment - <" vCTslf " :atlon • *** txpress, ° 11 of hIg! ,n the bl00,J 0 

eedures used are not tunable for transfer ofthehigloci" (1-1.5 Mb calves, 
for each locus) because the maximum aiae of DNA rh« con be 

;«wfr«l is verv limited (20-100 kb). Mammalian artificial chromo- Results ^ a ..l ,f„ 

S mc ffiS Tv icT^ may be i better choice because of their HAC transfer into bovine fetal ^^.^^'^^ 

mat uranon. In coi»t»«. «pl«n. rather than hone marrow, i* the useful only for a few days and could not be cryopreseryed. Pinal 
™ed s e of B-cell ori B in and immunoglobulin re a rr„n B c- election -m done .fter A, *^--"*« -J r^Xs four 
mcntTn bovine. Furthermore, because of a limited number of cells during the 6 rowth of cloned fetuses. At 56-39 days, four 

8B9 

)MiniiurB.ixMMmt>lot9ch!iolQgy < 8EPTEMaEfi2CQ2 • volume 20 • turn mmnotw 
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Table 1. Development of cloned embryos derived fromTc fibroblasts 
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HAC 



Nuclaar 
tranafer 



BlaetocyeU 



Blastocyst 
transfer 



Recipient© 



Pregnant 
40 dsy9 (%) 



Pregnant 
120 days (%) 



Offspring 



OA 

A Re genera le 



770 
533 

672 



63(16) 
122(21) 
82 (17) 



3* 
56 
61 



32 
26 
37 



16(50) 
13(46) 
6 (22) 



Fetal recovery 
Felat recovery 
6(16) 



0 
1 

6(16) 



Felal recovery was done between 56 end 119 daya of gestation. Raganaraled celle woro produced from To felueee recovered al 
58-59 days of gestation. 

^ercentaoe of blastocysts was calculated as Lha number of histiocytic per number of fuaed donor cell oooyto oomploxea. Average 
fusion rale in our laboratory was 70%. 

*F0f A AH AC nuclaar trans faro, one ffltut wac not rcooworod and dovalopad to term producing o live heellhy oaJf. For &n>wG regen- 
erated colk, oik llwe oelwee ««*ere bomi two from ooll line 6032 did not survive poal«8 h and lha olncr tour remain altve and neaimy. 



AH AC and two AAHAC fetuses were recovered and fibroblast cell 

Unci were regener9ted> expanded, and cryoprceerved for further 
analysis and nuclear transfer. Efficiency of development to the 
blastocyst stage, to 40 days of gestation, and to term is shown in 
Table I for fi ret- gen emtio a and reclcmed cell*. 

Analysis of cloned Tc fetuses, Ho examine whether the HAC 
vector was retained through early gestation and whether h/j loci 
could be functionally rearranged and cxprc?*cd during early B-cell 
development in bovine, wc analyzed cloned Tc fetuses collected 
between 56 and 119 days of geiLaiion. Retention of the HACs in 
the fibroblaat line* derived from six cloned Tc fetuses collected at 
56-58 days and from an additional seven feruses collected between 
77 and 1 19 days wae evaluated by G41 8 rcoioxancc (Pig. 3A) and by 
genomic PCR of human IgH and hlgX loci (Fig. 3B). Of the 13 
fetuses* 9 were resistant to G418 (4 AH AC and 5 AAHAC) and fi 
showed the preeence of both human IgH and Igh loci. We evaluat- 
ed five positive 77-1 19-day ftluses for expression and rearrange- 
ment Of Lhe hig loci by reverse tran*cription-PCR (RT-PCR) 
analgia* followed by sequencing of ihc amplified produces. 
Human ftH and IgX genes were expressed (Hig. 3C) in all fetuses, 
predominantly in epUen, consistent with endogenous bovine lg 



AP0M344 





I Wholn ceTl'luVionl [ Cfe-'madialod translocation | 




Mb[ ^ff *-l9>- 

IgH 
[aaHAc] 



expression (data not 
shown). The sequences 
showed evidence of func- 
tional V(D)J recombina- 
tion (Fig. 3D), Tliese 
results demonstrate reten- 
tion of the HaC vector, 
functional V(D)J recom- 
bination, and expression 
of the h/£ locus* 

Generation of cloned 
Tc calve*. Por production 
of cloned Tc calves, the 
three regenerated o HAC 
cell lines (5968, 6032, and 6045) were used for reckoning: One male 
calf from cell line 6045 and five female calves from cell lines 5968 
and 6032 were produced from 37 recipients (16%. Fig. 4A). Four 
calves survived and were healthy and phenotypicftlly normal. 
Retention of ihc HAC vccior was confirmed In all the calves by 
G418 selection (data not shown), genomic PCR (Fig. 41$), and flu- 
orescent in situ hybridization (FISH) onolytc? ('table 2l Fig. 4C). 
PUSH analysis indicated that the HAC was retained as an indepen- 
dent chromosome and that the proportion of cells retaining the 
HAC renged from 78% to 100%. Wc observed no obvious differ- 
ences in retention rates between peripheral blood lymphocytes 
(PULs: 91%) and fibroblasts (87%). These data demonstrate that 
aomaiie-ccll rccloning strategies can be used co produce healthy 
cloned Tc calves and that the HAC vector can be stably maintained 

Through the large number of cell dtvUionc in bovine development. 

Human 1 $ erne ocprcoaion and protein production In Tc calves. 
To determine whether hig loci were rearranged and expressed, we 
carried out RT-PCR analytic on PBU- We observed expression of 

boch human igti and t$K genes in the PBLs of all the calves (data 
not shown). The diversity of the human IgH and tgk repertoire 
wac determined by sequence e-rwlyeie (Toble 3). A representative 
set of the sequences showed a wide utilization of vh/VX, D, and 
Ih/Ia segments distributed over the loci. In the IgH transcripts* the 
frequent utilization of Jh4 and of V segments from VKl end Vh3 

was observed, similar to patterns in human". Addition of non- 
germline nucleotides (N addition) and nucleotide deletion were 
also observed in both hlgH and hlgA transcripts. These produced 
a high degree of diversification in the third complementarity- 
determining region of both the h/gH and YJgX chain*. 
Furthermore, hig proteins were secreted at levels ranging from 
13 ng/ml to 256 ng/ml (immunoglobulin expression is typically 

very low to undetectable in newborn calves 2 *) in blood samples 

collected before colostrum feeding in five of the seven Tc calves. In 
the two calves in which hig proteins were not detected, bovine 

Table 2» HAC retention in cloned Tc calves 

Two signals/ 
total {%) 



hCMaa ' 



Flflure 1. Diagram of AHAC and AAHAC construction. In AH AC 
construction, lhe hChr22 fragment (hChr22), which contains the IgX locos, 
was truncated at ihe AP00Q344 locus and a foxP seauence was 
integrated at the HCF2 locus. In AAHAC conslrucdon, the /ovP seauence 
on the hChr22 fragment woe integrated el tho AP000663 Iooud. OT40 
oelle containing the hChr22 frogmonte wee fuoad with DT40 oelln 
containing tho SC20 fragment (3C20 is a fragment of hChr14 and 
contBlns the /gH locus). Cre-madlated translocation resulted In aHAC, 
wnicn contained a Z.3 Mt> hChr22 region, and AAHAC, wntch contained a 
1 5 Mb hChf22 region, each fused to the SC20 vector. 



Calf number 


Cell type 


HAC positive/ 
total (%) 


SO 


PBL 


SO/50 (100) 


50 


Fibroblaat 


47/50 (8«) 


1004 


PBL 


40/90 (32) 


1064 


Fibroblast 


34/39 (87) 


1065 


PBL 


39/50 (7B) 


1065 


Fibroblast 


49/60 (62) 


1066 


PBL 


47/60 (04) 


1066 


Fibroblast 


43/90 (66) 


Total 


Combined 


355^89(88) 



6/50(12) 
0/50(0) 
0750 (0) 

2/50(4) 
0/6D (0) 
1/60 (2) 
0/90 (0) 
12/399 (3) 



Retention rBie was determined in both PBLs and fibroblasts in each caUby FISH 
analysis using human Cot-J DNA as a probe, 
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immunoglobulin protcina wore ttleo not detected. These result* 
demonstrate that the human and lgMoc\ can be functionally 
rearranged and expressed in catile. 

Discussion 

In this study, we demonstrate the production of healthy calvefi car- 
rying a amble imcrochromosomal vector encoding human [gfi 
and l$k loci, functional diversification of die his genes, and pro- 
duction of hlft protein. To accomplish thU, ««v«fol chnlloncea 
needed to be addiwcd, including the lack of methods for intro- 
ducing large foreign DNA sequence* into cattle, the P o«ible 

mitotic inMabUity of a microchromosome vector, and rbc substan- 
tial differences in immune system development between cattle and 
human*. 

MMCT hee been accomplished in mice using embryonic stem 
cells and chimera production followed by germline transmission 
from embryonic stem celi-dcrivcd germ cells'. Mouse embryonic 



Figure I, Procedure for production of cloned Tc calves. Structure of AHAC 
(upper left) Is shown wilh hChr22 (green) and hChrU (red) ronton* 
containing IqX and IgH loci. The centromere of the HAC te derived from the 
hChrU fragment. Tho HAC woo treneforred from e CHO dorm (CHO/aHAC, 
light bluo) into fetal bovine fibroblast by meana of a MMCT technique. Tc 
fibroblast (BF/AHAC. Hook patterned) and enucleated oocyie (yellow) 
ccAipiaia wore fuacd, resulting in transfer oT tne noroDJast nucleus and 
fetation of Bn emoryo, Tne reconstituted Tc embryos were cultured \fa wlro 
to me blastocyst stage and men Implanted into recipient cows At -BO days 
of gestation. Tc fetuses were recovered and Tc fibroblast cell lines were re- 
established (regenerated BF/aHAC). evaluated, and used for furinar nuclear 
transfer. Regenerated Tc embryos were transferred to recipient* to produce 
Tc calves. 

stem cells have the advantage of an unlimited life span, rapid 
growth in culture, a straightforward sy*tem for clonal propagation 
of transgenic colonica, and a high rate of contribution 10 the germ 
line in chimeras. Unfortunately, embryonic stem cells with similar 
properties have not been derived in other jpcciea, including cat- 
tle". It was therefore necessary to use a nuclear transfer system 
wilh primary somatic cells 27 to produce Tc cattle. The limitation of 
this ey«em it that primary fibroblaata, the cell type of choice, have 
.a life span of -35 population doublings". After MMCT, our cells 
were capable of dividing for only about one week and could not be 
cryop reserved. Our approach to solving this problem was to carry 
out incomplete selection after MMCT and complete selection on 
rejuvenated cloned cell lines, and then produce calves by rcdoniiag 
cell lines. Rcdoning of transgenic somatic cells and production of 
offspring has been accomplished in catdc 1 * with limited success. 
Our results indicate that rejuvenation of cell lines by rcdoning is a 
viable method for the production of large numbers of Transgenic 
animals and the establishment of cryoprcserved transgenic cell 
bank£. 

in mice, the SCzo hac vector is retained in 70-80% of fibrob- 
lasts! a n d only 30-40% or PBLs (data not shown), revealing Umi- 
tad on* in mitotic ot ability in o foreign environment. Because of 
the number of cell divisions required for bovine development, the 
retention rate of the HAC wa« expected to be low. However, the 
HAC woj retained in all cloned calves at a very high raie, both In 



Flour* X Analysis of Tc totueee, (A) G41B 
selection of regenerated To fibroblast line (left) 
end control nonlfonogenic fibroblasts (right). 
<B) Genomic PCR or fgH and tgk loa in TC TBtuses 
and controls. "TOe tnroe tetuses. 5B6S (lene 1), 
c-twz (lane 2), and 60*5 (lane 3) were derived 
from AHAC fibroblasts; felus 5580 (lane 4) was 
derived from AflHAC fibroblasts. Ab a control, a 
nontransgenic fetus (lene N) was recovered and 
evaluated. Human %Hand I9X looi wore detected 
by PCR in all To fotueos end In a poaitive-oontrol 
human live* DNA eemple (lone P), but not in Iho 
negative control (lone N). <C) Rearranged and 
expressed numan igu and tg* transcripts 
amplified oy kt-pcr rrom negative-control 
nonirensgenic bovine spleen (lane N), from brain 
(iBne 1), iW (lane 2), and epleen (lane 3 and 4) 
of doned Tc felus, and from posiUve-oonlrol 
human spleen (lene P). (D) A repreaenlatlve 
nucleotide and deduced amino add eequenoe of 
human lg» ond IgX trenecfipte amplified by RT- 
PCR from a cloned To IWua recovered al 99 days. 
In the Igu transcript, blue represents Ihe variable 

region sequence (VH3-1 1 ), red represents ine 
diversity region (D7-Z7). green represents the 
joining region (Jh3) and orange represents the 
constant region, (n the IflX IranscriDt blue 
represent* the variable reobn aequence (vi-17), 
red represent* iho joining region (Jl3), and green 
the conctant r ogton eaqwenee. 
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fibroblasts (87%) and PBU (91%). In our previous study 17 , the 
mitotically urifl table hChr22 fragment was mitotically Stabilized 
when Us centromere was exchanged wilh that of the SC20 vector, 
suggesting that the mitotic stability of human microchromosomes 
might be affected by ccnfcromcric structure. In this study, the 
unexpectedly high mitotic stability of the HaC vector in bovine 
may he explained by greater compatibility of the human ccn- 
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Figure ». Analysis of cloned Tc calves. (A) Four doned Tc calves; male calf 
(50) from ceil tine 6045 and female calves (1064, 1065, 1066) from cell line 
5968. (B) Genomic PCR Of /oH and IqX loci in PBLs from cloned Tc obIvqb end 
controls: calf 1064 (lane 1). 1065 (lana 2). 1066 (lano 3). 50 (lane 4), 1067 
(lane 5). and 1068 (lano 6). Boih human igH and IgX looi wore delected by 
Genomic PCR in all Iho To oalvea end poeitive-conlrol human liver DNA (lane 
P), but not in a nagellve-conlrol nontron»genic calf (lane N). (C) F|$H analysis In 

melaphaee chromosome apreodo in a cod snowing a single signal and a cell 
showing e double signal. Arrows Indicate location of HACs (red) among 
surrounding Dovine chromosomes (blue). A single HAC per cell is introduced and 
retained in most cells (left panel); however, Improper separation of chromatids at 
cell division may result in some cells having two microchromosomes (righi panel) 
and some noi having a microchromosome. 



tromeric structure with factors regulating cell division in cattle a« 

compared with mice. Th* high rote of HAC retention 5hoW5 the 

utility of MAC vectors for stable introduction of foreign genetic 
elements into the genome of cattle. 

We have shown that hi^ loci can be functionally rearranged and 
expressed with substantial diversity in cattle despite the differ- 
ences in immunophysiology between cattle end humans, Both 
broad usage of VDJ segments and N addition contributed consid- 
erably to hig diversity in human IgH and IgX transcripts in don»d 
Tc calves. Notably, in bovine IgX tranncripts, K addition is rarely 
observed (data nor shown). These results indicate that 
immunoglobulin gene diversification may be more related w> 
genetic fequenca than to the environment in which diversification 
occurs. 



Table 3. Repertoire analysis of human Immunoglobulin heavy- and X-ohaln trsnecripto In olonedTc oahrca 
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8- 1 

TACTGTGCA 
3*33 

ATTACTGTGCGA 
3-16 

ACTGTACCACACA 
3-v6 

TACTGTGCGAG 

3- 21 

TTACTGTCCCAG 

4- 39 

ACTGTGCGAGACA 
1-69 

TTACTGTGCGAG 
1-8 

ACTGTGCCACAG 

1-10 

TTACTOTOC 

9- 20 

TCACTGTGCGAGAA 
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TCTG 
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TTTTOO 
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TGAAAAAC 
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GGGGATG 
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DH 

D5-24 

AGAGATG 

D6.13 

ATAGCAGCAGOTOGTAC 

ATAGCAGTGGCTGGTAC 
D2-2 

GTAGTACCAGCTGCTAT 
D2-21 

GTGGTGGT 
P3-10 

TTCGGGGAGTTAT 
06*13 
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D2-2 
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GAGATGG 
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ACTGGGGA 



N 

3 

AGA 
3 

GAT 
4 

TGGG 
0 

6 

CACATTTA 
3 

AAT 

1 

c 

12 

CAAGATCGTAAG 
15 

GTTTTTGATCCCCAG 

1 

T 



Jh 
JH3 

AT G CTTTTQ ATQTC 
JM4 

CTTTGACTACT 
Jn1 

TACTTCCAGCA 
J*2 

GATGCTTTTGATGTCT 
jHa 

GACTACTGGGG 
JH4 

CTACTGGGGCC 
Jua 

GACTACTOGGGC 
JH2 

TGGTACTTCGAT 
Jni 

TTTGACTACTGG 
JH3 

GATGCTTTTGATGTCT 



Human X nucleotide sequence* 



VX 

1-17 

Z-13 

1-19 

5-2 

1- 7 

2- 13 
2-1 
1-Z 
1-4 
1-4 



AQCCTGAGTGGTC 

CAGTGGTAACCATCT 

CAGCCTGAGTGCTG 

AGCAACTTCGTGTA 

GGTAGTAGCACTT 

CAGTG GTAAC CAT 

OACAGCACCACT 

GGCAGCAACAATTTC 

AGCAGCAGCACTC 

AGCAGCAGCACTC 



2(TT) 



2pA> 
KC) 



KG) 
2(GT) 



JX 

JX3 TTCGGCGGAGGG 
JX2 6GTATTCGGCGGAGG 
JX1 TCTTCGGAACTQGC 
JX3 GTTCGGCGGAGAG 
JX3 TCGGCGGAGGGA 
JX1 TAT GTCTTCG G AACTG 
JX1 TATGTCTTCGGAACTG 
JX1 ATGTCTTCGGaaCTG 
j is ttcggcggagc 
J VI ggaactoqga 



Humen u- and mRNAo were amplified by RT-PCR, clonad, and sequenced. Nucleoid sequences Of VDJ junctten* of each of ten indecandont U and X 

doTas a^tSvTdod into vwvx, a jm/jx, end n eoomonis, *» idant.r.od by homology to pubtiBned ger mitne sequences (Ig-BLAST). 
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Several challenges remain before our system can be used for 
large-scale production of hPAB*. Because Tc cattle retain the 
bcrrinc jfcloci, expression of bovine antibody is expected to domi- 
nate over that of human antibody. We have observed this previ- 
ously in Tc mice in which the murine Ig loci were not inactivated 
(data nor shown). Furthermore, chimeric antibodies containing 
combinations of human and bovine heavy- and light-chain pro- 
teins ore expected to be preeent. Therefore, methods of reducing 
bovine /$ expression are probably needed before commercial pro- 
duction of hPABs can proceed in Tc catde. 

A Tc bovinc-baaed astern for producing therapeutic hPABS 
would have several advantages: (i) cattle could be hyperimmu- 

nixed with essentially any human pathogen or human molecule; 
(ii) cattle produce very large quantities of antibodies; (M) large 
numbers of antigens could be evaluated quickly because one line 

of genetically modified cattle could be used for all antigen*; ond 
(iv) scale-up of antibody production would be as straightforward 
as immunizing additional cows. Therapeutic hPABs produced in a 
Tc bovjne-baeed astern may hove brand application in the treat- 
ment and prevention of infectious disease (including antibiotic 
resistant infections), autoimmune disease, and cancer. 

Experimental protocol 

Construction of HAC vectors. HACi were constructed wing « prsvioutly 
described chromoeome-cloning ovatcm 1 ™ 3 (Fig I J. Briefly, for the cunBtruc- 

lion of AHAC the previously rcportedhChm fragment (hChaz) contain- 
ing a ioxP sequence integrated at the HCP2 locus was truncated at the 

APQ00344 locus by telo mere-directed chromosomal truncation. Next, cell 
hybrid* wjr* formed by fuoing the DT40 cell clone ennttfrunfe the hCF22 
with a DT40 ceil done containing the stable and gcrmline- trans mitwble 
human microchromosome vector 5C20. The resulting DT40 cell hybrids 
contained both hChr fragments. The DT40 hybrids were transfeeted with a 
Cr« recombinase expresrion vecwr to induce Oa-tttP-mediBt*! chromoso- 
mal translocation between UChrZ2 and ihe SCiO vector. The Stable tramfec- 
eants were analysed using ne»tcd PCR to confirm the cloning of the 23 Mb 
hChr22 reeion into the /oxP-cioning site in the SC20 vector (AHAC). 

AAHAC was constructed using the «amc ch«»mo*om* cloning system 
except that the IoxP sequence on hChr22 wa* integrated into the AP0O0933 
locus, creating a 1.5 Mb insert upon Gre-ZuxP- media ted translocation. 

HAC vector transfer into bovine fetal fibroblasts. Bovine fctal fibroblasts 
were cultured in a-MEM (Life Technologies, RockvUle, MD) medium sup- 
plement with 10% (vol/vol) PCS (Life Technology) at 37°C and 5% 
CO2. Microccllfl were purified from the CHO clone retaining the AH AC or 
AAHAC as deser Ibed previously". Bovine fetal fibroblasts were (used with 
microeells using polyethylene glycol (PEG 1500, Roche, Nutlcy, NJ). and 
the fused cells were selected under 7QQ U.|j/ml of G4io (Life Technologic*) 
for lO-U day*. TKj GAIV-wiiunt don«ar«« picked «nd used for 
nuclear transfer. 

Nuclear transfer. The nuclear l ransfer procedure was carried out essential- 
ly as described previously 17 '", in vifro-mntured oocytes were enucleated 

1 TorrtlXUkfl K. •/ */ Double Wne-ehrtmOADmio mioo: malnlonnnge of t"*» ipdMd- 
' wal human ohromowm© frac-manla oonlamlne l 9 hoovy *nd Ju*p* Icoi ajj 

.uprtMftk* of fully human arrtbadi-*- td.IL *«d. Sci. USa 733-737 

12000). , 

2 Bruooemann. M. 61 a/. Human anlbody production in iransoonlc mica: oxproKslon 
froml 00 kb of the human loH Iocub. Bur. J. Immunol. 21 . 1 323-1 328 11991). 

3 Mendez. J M el at. Functional transplant of moaafaaso human Immunoglobulin 

* tod recaoltulates human antibody response in mica. Nat Gene/. 13. iae-158 
(1997). 

a Lortbero N et at. Aniioen-specific human antibodies from mice comorlaino tour 

* distinct genetic mctftato 

5. Nfehoison. IX, at ol. Antibody repertoires of four- and ftve-feelura ugdoeff mice 
wrrrfr* human immunoglobulin heavy chain and kappa and lambda light chain 

e. PofiM/ AV et aL A human immunoglobulin lambda locus IB Sim Warty well 

7 wSwbail. C. & Hsu. D.H. Pharmacofogy ?nd sefely assessment of humanized 
monoclonal anllbodles tor therapeutic uae, 7oWco/, fl9tf»o/,"27, 1-3 (1999), 



-15-20 h post maturation. Cytoplast-donor cell couplets were fused usinc 
a single clcarical pulse gf 2.4 kV/cm for 20 as (Hlcctroccll Menipubior 
200, Ccnctrontcii, S^n DUgo, CA). Ax 30 h« post maturation reconstructed 
oocytes were activated nith celcium ionopliorc (3 JlM) tbr 4 inin (Cal 

Dlochcm, san Diego, CA) and ID tLg cycloheumidc and 2.5 ugcytochnlosin 
D (Sigma) as described earlier 23 . After aclivation, cloned embryos were 

placed in culture in four-well tiflSUC culture plates, containing irradiated 
mouse fecal fibroblaetK and 0.S ml of ACM culture medium covered with 
mineral oil (Sigma) and incubated ai 36>3*C In a 5% CO; in air atmos- 
phere. On day 4, 10% (vol/vol) PCS (Life Technologies) was added to the 
Culture medium. On days 7 and 6. embryos were transferred into Aynchro* 
nbed rftciplanU, All onimal work wo« done following a protocol approved 
by the T/onj Ova Gene tic a (Sioux Cemer, 1A) Institutional animal care and 
use committee. 

Genomic PCR analysis. Genomic DNA was extracted from Tc fetuses at 
56-1 19 days of gestation or from cloned newborn calves and subjected to 
PCR using primal IGWV3 for the human Jg« loeua and IGLC for the 
human IgX locu>» aa described previously". 

RT-PCR and repertoire analyses. Total RNA was recovered from spleen, 
liver, and brain orTc fetuses Or from PBLs of Tc calves. RT-FCR was car- 
ried out as described previously". Por human l&u transcripts. VH1/5 
BACK. VH3 BACK, and VH4HAOC were uutd a* a 5' primer and Cu-2 
used aa a 3' pfimer. fvr human transcripts, VMLCAl, Y^2M1X» and 
vXsmix were useo its a 3' primer and C\MIX was used as a 3' primer. The 
amp URed cDNAs were subcloncd by usine a TA cloning kit (Invitro&en. 
San Dieeo. CA) and sequenced u*ing a DNA auuuequancar (AB137Q0 
Sequonccr t ClaxoWallcom*, Herts, United Kingdom). 

FISH analyst. Di^aol image analysu wa* done using the Mac Probe sys- 
ten\ (Applied Imaging, Santa Clara, CA). HAC painting wa$ done using 
digoxigenin-labeled (Boehringcr Inglchcim, Ridgeficld, Cr) human Cot-l 
DNA as a probe» and the digoxicenin sicnai was ddtccred with an anti- 
d;eaxt8«ni'n-rKodamine complex that fluowsead tad. DaPI (Sl^mo) w M 
u*ed for background staining. Standard chromosome and FISH protocols 
were carried out as described 51 . 

ELI 5 A analysis for human antibody. Plasma samples were obtained from 
Tc calves before they were fed colostrum and human Ig levels were deier* 
mined by iolid-phoxc EL ISA. The i«ay used a bovine *nli -human 
immunoglobulin oj the capture antibody and an HRp-labeled sheep ami- 
humBn immunoglobulin as tnc detecting antibody. Amounts of human 
immunoglobulin >10 ng/ml were reliably detected by this assay. 
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